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Identification of Sef, a novel modulator of FGF signalling. 
Tsang, Michael; Friesel, Robert; Kudoh, Tetsuhiro; Dawid, 
Igor B. (1) 

(1) Laboratory of Molecular Genetics, National Institute of 
Child Health and Human Development, National Institutes of 
Health, Bethesda, MD, 20892: idawid@nih , gov USA 
Nature Cell Biology, (February, 2002) Vol. 4, No. 2, pp. 
165-169. http://www.nature.com/ncb/. print. 
ISSN: 1465-7392. 
Article 
English 

Fibroblast growth factors { FGFs ) are members of a family of some 30 
secreted proteins important in the regulation of cellular proliferation, 
migration, differentiation and survival. Here we report the identification 
of a novel modulator of FGF signal transduction, sef, isolated from a 
zebrafish embryo library through an in situ hybridization screen. The sef 
gene encodes a transmembrane protein, and belongs to the synexpression 
group that includes some of the fgf genes. Sef expression is positively 
regulated by FGF, and ectopic expression of sef in zebrafish or Xenopus 
laevis embryos specifically inhibits FGF signalling. In 

co-immunoprecipitation assays, the intracellular domain of Sef interacts 
with FGF receptors. FGFR1 and FGFR2 . Injection of antisense sef 
morpholino oligos mimicked the phenotypes observed by ectopic fgf8 
expression, suggesting that Sef is required to limit FGF signalling during 
development . 
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Role of N-cadherin and protein kinase C in osteoblast gene 
activation induced by the S252W fibroblast 
growth factor receptor 
2 mutation in apert craniosynostosis . 

Lemonnier, Jerome; Hay, Eric; Delannoy, Philippe; Lomri, 
Abderrahim; Modrowski, Dominique; Caverzasio, Joseph; 
Marie, Pierre J. (1) 

(1) Lariboisiere Hospital, Institut National de la Sante et 
de la Recherche Medicale, 2 rue Ambroise Pare, U 349, 
75475, Paris Cedex, 10 France 

Journal of Bone and Mineral Research, (May, 2001) Vol. 16, 
No. 5, pp. 832-845. print. 
ISSN: 0884-0431. 
Article 
English 
English 

Apert (Ap) syndrome is characterized by premature cranial suture 
ossification caused by fibroblast growth 
factor receptor 2 ( FGFR-2 ) mutations. We 

studied the role of cadherins and signaling events in the phenotypic 
alterations induced by the Ap FGFR-2 S252W mutation in mutant immortalized 
fetal human calvaria osteoblasts. The FGFR-2 mutation caused increased 
expression of the osteoblast markers alkaline phosphatase (ALP), type 1 
collagen (COLIA1), and osteocalcin (OC) in long-term culture. The mutation 
also increased cell-cell aggregation, which was suppressed by specific 
neutralizing anti-N- and ant i-E-cadherin antibodies. Mutant osteoblasts 
showed increased N- and E-cadherin, but not N-cell adhesion molecule 
(N-CAM) messenger RNA (mRNA) and protein levels. This was confirmed in 
vivo by the abundant immunoreact ive N- and E-cadherins in preosteoblast s 
in the Ap suture whereas N-CAM and alpha- and beta-catenins were 
unaffected. Neutralizing ant i-N-cadherin antibody or N-cadherin 
antisense (AS) oligonucleotides but not ant i-E-cadherin antibody 



SOURCE 



DOCUMENT TYPE: 
LANGUAGE : 
SUMMARY LANGUAGE 
AB 



or AS reduced ALP activity as well as ALP, C0LIA1, and OC mRNA 
overexpression in mutant osteoblasts. Analysis of signal transduction 
revealed increased phospholipase Cgamma {PLCgamma) and protein kinase 
Calpha (PKCalpha) phosphorylation and increased PKC activity in mutant 
cells in basal conditions. Inhibition of PKC by calphostin C or the 
PKCalpha-specif ic inhibitor Go6976 suppressed the increased N-cadherin 
mRNA and protein levels as well as the overexpression of ALP, C0LIA1, and 
OC mRNA in mutant cells. Thus, N-cadherin plays a role in the activation 
of osteoblast differentiation marker genes in mutant osteoblasts and 
PKCalpha signaling appears to be involved in the increased N-cadherin and 
osteoblast gene expression induced by the S252W FGFR-2 mutation in human 
osteoblasts . 
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TITLE: Keratinocyte growth factor and its receptor are involved in 

regulating early lung branching. 
AUTHOR (S ) : Post, Martin (1); Souza, Patricia; Liu, Jason; Tseu, Irene; 

Wang, Jinxia; Kuliszewski, Maciej; Tanswell, A. Keith 
CORPORATE SOURCE: CD Med. Res. Council Group Lung Dev., Neonatal Res. Div., 
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ISSN: 0950-1991. 
DOCUMENT TYPE: Article 
LANGUAGE: English 

AB Lung branching morphogenesis depends on mesenchymal epithelial tissue 

interactions. Keratinocyte growth factor (KGF) has been implicated to be a 
regulator of these tissue interactions. In the present study, we 
investigated the role of KGF in early rat lung organogenesis. Reverse 
transcriptase-polymerase chain reaction analysis revealed KGF mRNA 
expression in the mesenchymal component of the 13-day embryonic lung, 
while message for KGF receptor (KGFR) was expressed in the epithelium, 
confirming the paracrine nature of KGF/KGFR axis. Antisense KGF 
oligonucleotides inhibited DNA synthesis of embryonic lung explants. This 
inhibitory effect of antisense KGF was partially reversed by the 
addition of exogenous KGF. Recombinant KGF was mitogenic for 13-day 
isolated embryonic lung epithelial cells. Medium conditioned by 13-day 
lung mesenchymal cells also stimulated DNA synthesis of 13-day embryonic 
lung epithelial cells. This stimulatory effect was partially abrogated by 
a neutralizing KGF antibody. The number of terminal buds of lung explants 
cultured in the presence of antisense KGF oligonucleotides was 
significantly reduced compared to control explants. Exogenous KGF 
partially abrogated the inhibitory effect of antisense KGF on 
early lung branching. Sense or scrambled KGF oligonucleotides had no 
inhibitory effect on lung growth and branching. Addition of neutralizing 
KGF antibodies to the explants also reduced the degree of branching, while 
non-immune IgG and neutralizing acidic FGF antibodies had no effect. 
Explants incubated with antisense oligonucleotides targeted to 
the initiation site of translation of both the splice variants of the 
fibroblast growth factor receptor- 

2 (FGFR2) gene, KGFR and bek, exhibited a similar reduction in 
lung branching as observed with antisense KGF oligonucleotides. 
Antisense KGFR-specif ic oligonucleotides dramatically inhibited 
lung branching, while exposure of explants to antisense 

bek-specific oligonucleotides resulted in reduced branching albeit to a 
lesser degree than that observed with antisense KGFR-speci f ic 
oligonucleotides. Neither sense nor scrambled KGFR-specif ic 
oligonucleotides had any effect on early lung branching. These results 
suggest that the KGF/KGFR system has a critical role in early lung 
organogenesis . 
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Signaling through fibroblast growth factor receptor 2b 
plays a key role in the development of the exocrine 
pancreas . 

Miralles F; Czernichow P; Ozaki K; Itoh N; Scharfmann R 
Institut National de la Sante et de la Recherche Medicale 
U457, Hospital R. Debre, 48, Boulevard Serurier, 75019 
Paris, France. 

PROCEEDINGS OF THE NATIONAL ACADEMY OF SCIENCES OF THE 
UNITED STATES OF AMERICA, (1999 May 25) 96 (11) 6267-72. 
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United States 

Journal; Article; (JOURNAL ARTICLE) 
English 

Priority Journals 
199906 
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Last Updated on STN: 20000303 
Entered Medline: 19990624 
The development of the pancreas depends on epi thelial-mesenchymal 
interactions. Fibroblast growth factors ( FGFs ) and their receptors (FGFRs 
1-4) have been identified as mediators of epithelial-mesenchymal 
interactions in different organs. We show here that FGFR-2 Illb and its 
ligands FGF-1, FGF-7, and FGF-10 are expressed throughout pancreatic 
development. We also show that in mesenchyme-f ree cultures of embryonic 
pancreatic epithelium FGF-1, FGF-7, and FGF-10 stimulate the growth, 
morphogenesis, and cytodif f erentiat ion of the exocrine cells of the 
pancreas. The role of FGFs signaling through FGFR-2 Illb was further 
investigated by inhibiting FGFR-2 Illb signaling in organocultures of 
pancreatic explants (epithelium + mesenchyme) by using either 
antisense FGFR-2 Illb oligonucleotides or a soluble recombinant 
FGFR-2 Illb protein. Abrogation of FGFR-2 Illb signaling resulted in a 
considerable reduction in the size of the explants and in a 2-fold 
reduction of the development of the exocrine cells. These results 
demonstrate that FGFs signaling through FGFR-2 Illb play an important role 
in the development of the exocrine pancreas. 
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AB Antisense oligonucleotides carrying sequences that will allow them to bind 
to more than one mRNA in a target cell are described. Such 
oligonucleotides can be used as a single treatment for diseases having 
more than one contributing pathway. In particular, oligonucleotides 
effective against genes involved in the etiol. of respiratory disease are 
targeted. Preferably, the oligonucleotides are low in adenosine 
( ltoreq 15%) and may have adenosines substituted with analogs. These 
oligonucleotides are targeted to high <G+C) sequences within mRNAs . Thus, 
phosphorothioate antisense oligonucleotide (HAdAlAS, 5'- 
gatggagggcggcatggcggg-3' ) designed for the adenosine Al receptor is 
provided. HAdAlAS significantly and specifically reduces the in vivo 
response to adenosine challenge in a dose-dependent manner, is effective 
in protection against aeroallergen-induced bronchoconstrict ion (house dust 
mite), has an unexpected long-term duration of effect {8.3 days for both 
PC50 adenosine and resistance), and is free' of side effects that might be 
toxic to the recipient. Such oligonucleotides may be used for treating a 
disease or condition assocd. with lung airway, such as 
bronchoconstriction, inflammation, or allergies. 
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positive component of the fibroblast growth factor receptor 
signaling pathway. 

AUTHOR : Park E.K.; Warner N . ; Mood K. ; Pawson T.; Daar I.O. 

CORPORATE SOURCE: I.O. Daar, Building 560, National Cancer 

Institute-Frederick, Frederick, MD 21702, United States. 

daar@ncifcrf.gov 

SOURCE : Molecular and Cellular Biology, (2002) 22/10 (3404-3414). 
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DOCUMENT TYPE: Journal; Article 
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LANGUAGE: English 
SUMMARY LANGUAGE: English 

AB Low-molecular-weight protein tyrosine phosphatase (LMW-PTP) has been 
implicated in the regulation of cell growth and actin rearrangement 
mediated by several receptor tyrosine kinases, including platelet-derived 
growth factor and epidermal growth factor. Here we identify the Xenopus 
laevis homolog of LMW-PTP1 (XLPTP1) as an additional positive regulator m 
the fibroblast growth factor (FGF) signaling pathway during Xenopus 
development. XLPTPl has an expression pattern that displays substantial 
overlap with FGF receptor 1 (FGFR1) during Xenopus development. Using 
morpholino antisense technology, we show that inhibition of 
endogenous XLPTPl expression dramatically restricts anterior and posterior 
structure development and inhibits mesoderm formation. In ectodermal 
explants, loss of XLPTPl expression dramatically blocks the induction of 
the early mesoderm gene, Xbrachyury (Xbra) , by FGF and partially blocks 
Xbra induction by Activin. Moreover, FGF-induced activation of 
mitogen-activated protein (MAP) kinase is also inhibited by XLPTPl 
morpholino antisense oligonucleotides; however, introduction of 
RNA encoding XLPTPl is able to rescue morphological and biochemical 



effects of antisense inhibition. Inhibition of FGF-induced MAP 
kinase activity due to loss of XLPTP1 is also rescued by an active Ras, 
implying that XLPTP1 may act upstream of or parallel to Ras. Finally, 
XLPTP1 physically associates only with an activated FGFR1, and this 
interaction requires the presence of SNT1/FRS-2 (FGFR substrate 2). 
Although LMW-PTP1 has been shown to participate in other receptor systems, 
the data presented here also reveal XLPTP1 as a new and important 
component of the FGF signaling pathway. 
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oligonucleotides as a potential chemotherapy: Effects on 
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CORPORATE SOURCE: R. Kole, Department of Pharmacology, Lineberger Compreh. 

Cancer Center, University of North Carolina, Chapel Hill, 

NC 27599, United States, kole@med.unc.edu 
SOURCE: Biochimica et Biophysica Acta - Molecular Basis of Disease, 

(18 Jul 2002) 1587/2-3 (126-132). 

Refs: 94 

ISSN: 0925-4439 CODEN : BBADEX 
PUBLISHER IDENT . : S 0925-4 4 39(02)0007 5-3 
COUNTRY: Netherlands 
DOCUMENT TYPE: Journal; General Review 

FILE SEGMENT: 016 Cancer 

037 Drug Literature Index 

LANGUAGE: English 
SUMMARY LANGUAGE: English 

AB Expression of alternatively spliced mRNA variants at specific stages of 

development or in specific cells and tissues contributes to the functional 
diversity of the human genome. Aberrations in alternative splicing were 
found as a cause or a contributing factor to the development, progression, 
or maintenance of various diseases including cancer. The use of 
antisense oligonucleotides to modify aberrant expression patterns 
of alternatively spliced mRNAs is a novel means of potentially controlling 
such diseases. However, to utilize antisense oligonucleotides as 
molecular chemotherapeut ic agents, the global effects of these molecules 
need to be examined. The advent of gene expression array technology has 
now made it possible to simultaneously examine changes that occur in the 
expression levels of several thousand genes in response to 
antisense treatment. This analysis should help in the development 
of more specific and efficacious antisense oligonucleotides as 
molecular therapeutics. .COPYRGT. 2002 Elsevier Science B.V. All rights 
reserved . 
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Ribozymes cleaving growth factor 
of restenosis and cancers 
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AB Ribozymes that cleave RNA precursors for proliferation factors and so that 
can be used to limit cell proliferation are described for use in the 
prevention of restenosis and in the treatment of cancers. Specifically, 
ribozymes effective against c-myb transcripts are described although 
ribozymes against other growth factors such as c-myc and c-fos may also be 
useful. The selection of hammerhead ribozyme cleavage sites in the c-myb 
mRNA and the screening and optimization of ribozyme activity are 
demonstrated. Tests in cell culture showed that effective ribozymes 
complexed with the cationic lipid Lipof ectamine or a 1:1 mixt . of DMRE and 
DOPE were able to inhibit smooth muscle cell proliferation in a 
dose-dependent manner. Optimization expts. in which the effects of 
nucleotide and backbone substitution were studied to develop ribozymes for 
use in vivo are also reported. Delivery of the ribozyme to an injury site 
and successful inhibition of smooth muscle cell proliferation are 
demonstrated . 
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A role for the perlecan protein core in the activation of 
the keratinocyte growth factor 
receptor . 

Ghiselli, Giancarlo; Eichstetter, Inge; Iozzo, Renato V. 
CD 

(1) Department of Pathology, Anatomy and Cell Biology, 
Thomas Jefferson University, 1020 Locust Street, 
Philadelphia, PA, 19107: iozzo@lac.jci.tju.edu USA 
Biochemical Journal, {1 October, 2001) Vol. 359, No. 1, pp. 
153-163. print. 
ISSN: 0264-6021. 
Article 
English 
English 

widespread heparan sulphate (HS) proteoglycan, is directly 
involved in the storing of angiogenic growth factors, mostly members of 
the fibroblast growth factor (FGF) gene family. We have previously shown 
that antisense targeting of the perlecan gene causes a reduced 
growth and responsiveness to FGF7 (also known as keratinocyte growth 
factor (KGF) ) in human cancer cells, and that the perlecan protein core 
interacts specifically with FGF7 . In the present paper, we have 
investigated human colon carcinoma cells in which the perlecan gene was 
disrupted by targeted homologous recombination. After screening over 1000 
clones, we obtained two clones heterozygous for the null mutation with no 
detectable perlecan, indicating that the other allele was non-functioning. 
The perlecan-def icient cells grew more slowly, did not respond to FGF7 
with or without the addition of heparin, and were less tumorigenic than 
control cells. Paradoxically, the perlecan-def icient cells displayed 
increased FGF7 surface binding. However, the perlecan protein core was 
required for functional activation of the KGF receptor and downstream 
signalling. Because heparin could not substitute for perlecan, the HS 
chains are not critical for FGF7-mediated signalling in this cell system. 
These results provide the first genetic evidence that the perlecan protein 
core is a molecular entity implicated in FGF7 binding and activation of 
its receptor. 
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Keratinocyte growth factor and its receptor are involved in 
regulating early lung branching. 

Post, Martin (1); Souza, Patricia; Liu, Jason; Tseu, Irene; 
Wang, Jinxia; Kuliszewski, Macie j ; Tanswell, A. Keith 
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AB -Lung branching morphogenesis depends on mesenchymal epithelial tissue 

interactions. Keratinocyte growth factor (KGF) has been implicated to be a 
regulator of these tissue interactions. In the present study, we 
investigated the role of KGF in early rat lung organogenesis. Reverse 
transcriptase-polymerase chain reaction analysis revealed KGF mRNA 
expression in the mesenchymal component of the 13-day embryonic lung, 
while message for KGF receptor (KGFR) was expressed in the epithelium, 
confirming the paracrine nature of KGF/ KGFR axis. Antisense KGF 
oligonucleotides inhibited DNA synthesis of embryonic lung explants. This 
inhibitory effect of antisense KGF was partially reversed by the 



DOCUMENT TYPE 
LANGUAGE: 



addition of exogenous KGF. Recombinant KGF was mitogenic for 13-day 
isolated embryonic lung epithelial cells. Medium conditioned by 13-day 
lung mesenchymal cells also stimulated DNA synthesis of 13-day embryonic 
lung epithelial cells. This stimulatory effect was partially abrogated by 
a neutralizing KGF antibody. The number of terminal buds of lung explants 
cultured in the presence of antisense KGF oligonucleotides was 
significantly reduced compared to control explants. Exogenous KGF 
partially abrogated the inhibitory effect of antisense KGF on 
early lung branching. Sense or scrambled KGF oligonucleotides had no 
inhibitory effect on lung growth and branching. Addition of neutralizing 
KGF antibodies to the explants also reduced the degree of branching, while 
non-immune IgG and neutralizing acidic FGF antibodies had no effect, 
Explants incubated with antisense oligonucleotides targeted to 
the initiation site of translation of both the splice variants of the 
fibroblast growth factor receptor-2 (FGFR2) gene, KGFR and bek, exhibited 
a similar reduction in lung branching as observed with antisense 
KGF oligonucleotides. Antisense KGFR- specific oligonucleotides 
dramatically inhibited lung branching, while exposure of explants to 
antisense bek-specific oligonucleotides resulted in reduced 
branching albeit to a lesser degree than that observed with 
antisense KGFR-specif ic oligonucleotides. Neither sense nor 
scrambled KGFR-specif ic oligonucleotides had any effect on early lung 
branching. These results suggest that the KGF/KGFR system has a critical 
role in early lung organogenesis. 



L26 ANSWER 3 OF 3 
ACCESSION NUMBER: 
DOCUMENT NUMBER: 
TITLE: 

AUTHOR: 

CORPORATE SOURCE: 



SOURCE: 

COUNTRY: 
DOCUMENT TYPE: 
FILE SEGMENT: 



LANGUAGE: 
SUMMARY LANGUAGE 
AB 



EMBASE COPYRIGHT 2002 ELSEVIER SCI. B.V. 

96277266 EMBASE 

1996277266 

Keratinocyte growth factor and receptor mRNA expression in 
benign and malignant human prostate. 
McGarvey T.W.; Stearns M.E. 

Department of Pathology, Allegheny Univ. of Health 
Sciences, Broad and Vine St s Philadelphia , PA 19102-1192, 
United States 

Experimental and Molecular Pathology, (1995) 63/1 (52-62) . 
ISSN: 0014-4800 CODEN : EXMPA6 
United States 
Journal; Article 

General Pathology and Pathological Anatomy 
Cancer 

Urology and Nephrology 



005 
016 
028 
English 
English 



We have examined whether keratinocyte growth factor (KGF) and its receptor 
are expressed in normal, fetal, and prostate cancer cells since KGF may 
play a role in the growth of adenocarcinomas. In situ hybridization 
studies with digoxigenin-labeled oligonucleotides (anti-sense and sense 
controls) were employed to examine KGF and KGF receptor mRNA expression in 
prostate cancer. We found that the KGF and KGF receptor genes were faintly 
expressed in the stromal and epithelial cells, respectively, in both fetal 
(n = 6) and normal adult prostate (n = 6) tissues examined. In 10 benign 
prostatic hyperplasias (BPH) , and in low- and high-grade prostatic 
carcinoma (32 total), both the KGF gene and the receptor mRNA were 
expressed in the glandular epithelial cells. KGF was also expressed by the 
stromal cells in BPH and low-grade carcinoma. Computer assisted system 
analysis indicated that the intensity of epithelial labeling by both 
probes was increased in high Gleason score carcinomas (>8) and in 
metastatic nodules. We interpret the data to mean that the paracrine loop 
in normal prostate may be replaced by an autocrine loop in BPH and 
adenocarcinomas . 
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AB Lung branching morphogenesis depends on mesenchymal epithelial tissue 

interactions. Keratinocyte growth factor (KGF) has been implicated to be a 
regulator of these tissue interactions. In the present study, we 
investigated the role of KGF in early rat lung organogenesis. Reverse 
transcriptase-polymerase chain reaction analysis revealed KGF mRNA 
expression in the mesenchymal component of the 13-day embryonic lung, 
while message for KGF receptor (KGFR) was expressed in the 
epithelium, confirming the paracrine nature of KGF /KGFR axis. 
Antisense KGF oligonucleotides inhibited DNA synthesis of 
embryonic lung explants. This inhibitory effect of antisense KGF 
was partially reversed by the addition of exogenous KGF. Recombinant KGF 
was mitogenic for 13-day isolated embryonic lung epithelial cells. Medium 
conditioned by 13-day lung mesenchymal cells also stimulated DNA synthesis 
of 13-day embryonic lung epithelial cells. This stimulatory effect was 
partially abrogated by a neutralizing KGF antibody. The number of terminal 
buds of lung explants cultured in the presence of antisense KGF 
oligonucleotides was significantly reduced compared to control explants. 
Exogenous KGF partially abrogated the inhibitory effect of 
antisense KGF on early lung branching. Sense or scrambled KGF 
oligonucleotides had no inhibitory effect on lung growth and branching. 
Addition of neutralizing KGF antibodies to the explants also reduced the 
degree of branching, while non-immune IgG and neutralizing acidic FGF 
antibodies had no effect. Explants incubated with antisense 
oligonucleotides targeted to the initiation site of translation of both 
the splice variants of the fibroblast growth factor receptor-2 (FGFR2) 
gene, KGFR and bek, exhibited a similar reduction in lung 
branching as observed with antisense KGF oligonucleotides. 
Antisense KGFR- specific oligonucleotides dramatically 
inhibited lung branching, while exposure of explants to antisense 
bek-specific oligonucleotides resulted in reduced branching albeit to a 
lesser degree than that observed with antisense KGFR 
-specific oligonucleotides. Neither sense nor scrambled KGFR 
-specific oligonucleotides had any effect on early lung branching. These 
results suggest that the KGF /KGFR system has a critical role in 
early lung organogenesis. 
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AB Lung branching morphogenesis depends on mesenchymal epithelial tissue 

interactions. Keratinocyte growth factor (KGF) has been implicated to be a 
regulator of these tissue interactions. In the present study, we 
investigated the role of KGF in early rat lung organogenesis. Reverse 
transcriptase-polymerase chain reaction analysis revealed KGF mRNA 
expression in the mesenchymal component of the 13-day embryonic lung, 
while message for KGF receptor (KGFR) was expressed in the epithelium, 
confirming the paracrine nature of KGF/KGFR axis. Antisense KGF 
oligonucleotides inhibited DNA synthesis of embryonic lung explants . This 
inhibitory effect of antisense KGF was partially reversed by the 
addition of exogenous KGF. Recombinant KGF was mitogenic for 13-day 
isolated embryonic lung epithelial cells. Medium conditioned by 13-day 
lung mesenchymal cells also stimulated DNA synthesis of 13-day embryonic 
lung epithelial cells. This stimulatory effect was partially abrogated by 
a neutralizing KGF antibody. The number of terminal buds of lung explants 
cultured in the presence of antisense KGF oligonucleotides was 
significantly reduced compared to control explants. Exogenous KGF 
partially abrogated the inhibitory effect of antisense KGF on 
early lung branching. Sense or scrambled KGF oligonucleotides had no 
inhibitory effect on lung growth and branching. Addition of neutralizing 
KGF antibodies to the explants also reduced the degree of branching, while 
non-immune IgG and neutralizing acidic FGF antibodies had no effect. 
Explants incubated with antisense oligonucleotides targeted to 
the initiation site of translation of both the splice variants of the 
fibroblast growth factor receptor-2 { FGFR2 ) gene, KGFR and bek, 
exhibited a similar reduction in lung branching as observed with 
antisense KGF oligonucleotides. Antisense KGFR-specif ic 

oligonucleotides dramatically inhibited lung branching, while exposure of 
explants to antisense bek-specific oligonucleotides 

resulted in reduced branching albeit to a lesser degree than that observed 
with antisense KGFR-specif ic oligonucleotides. Neither sense nor 
scrambled KGFR-specif ic oligonucleotides had any effect on early lung 
branching. These results suggest that the KGF/KGFR system has a critical 
role in early lung organogenesis. 
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AB Malignant astrocytomas are highly invasive, vascular neoplasms that 
comprise the majority of nervous system tumors in humans. A strong 
association has previously been made between malignancy in human 
astrocytic tumors and increased expression of certain fibroblast growth 
factor (FGF) family members, including basic and acidic FGF . The influence 
of endogenous basic FGF on glioblastoma cell growth in vitro was evaluated 
using basic FGF-specific antisense oligonucleotides. These 
studies indicated that human glioblastoma cell growth in vitro, can be 
inhibited by suppressing basic FGF expression. Human astrocytomas also 
exhibited changes in FGF receptor (FGFR) expression- during the course of 
their progression from a benign to a malignant phenotype, FGFR2 { 
bek) expression was abundant in normal white matter and in all low 
grade astrocytomas, but was not observed in glioblastomas. Conversely, 
FGFR1 (fig) expression was absent or barely detectable in normal white 
matter, but was significantly elevated in glioblastomas. Glioblastomas 
also expressed an alternatively spliced form of FGFR1 containing two 
immunoglobulin-like disulfide loops (FGFR1 beta), whereas normal human 
adult and fetal brain expressed a form of the receptor containing three 
immunoglobulin-like disulfide loops (FGFR1 alpha) . Intermediate grades of 
astrocytic tumors exhibited a gradual loss of FGFR2 and a shift in 
expression from FGFRl alpha to FGFR1 beta as they progressed from a benign 
to a malignant phenotype. The underlying cytogenetic changes that 
contribute to these alterations are not entirely understood, but 
abnormalities in the p53 tumor suppressor gene may influence expression of 
bFGF as well as the FGFR. These results suggest that alterations in FGFR 
signal transduction pathways may play a critical role in the malignant 
progression of astrocytic tumors. 
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AB This invention is directed to a compn. for catalyzed oligonucleotide 

cleavage comprising a synthetic non-naturally occurring oligonucleotide 
compd. The compd. comprises nucleotides whose sequence defines a 
conserved group II intron catalytic region and nucleotides whose sequence 
is capable of hybridizing with a predetd. oligonucleotide target sequence 
to be cleaved, such target sequence not being present within the compd. 
The compn. also includes an appropriate oligonucleotide co-factor. 
Preferably, the conserved group II intron catalytic region is a group II 
intron domain I catalytic region. In one embodiment the conserved group 
II intron domain I catalytic region may further comprise a conserved 
portion of a group II intron domain II, a group II intron domain III, a 
group II intron domain IV, a group II intron domain V, or a group II 
intron domain VI. The invention is also directed to methods of treatment 
and methods of use of such compds. Sep. group II intron domains were 
combined to create enzymically active ribozymes. These 
ribozymes were examd. to det . kinetics and mechanism of substrate 
cleavage. 
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This invention relates to the discovery of nucleic acids assocd. with cell 
proliferation, neoplasia, cell transformation, malignant tumor formation 
and metastasis and uses therefor. The present invention provides a method 
for cancer diagnosing by detecting the overexpression or the 
underexpression of a cancer-assocd . mRNA in the tissue of interest, 
preferably in liver, breast, prostate, kidney and colon. In another 
aspect, the invention provides methods for arresting cancer and a method 
for identifying a modulators of cancer development. 
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AB This invention relates to compns. and methods for selective expression of 
a heterologous nucleic acid sequence in a targeted tissue, and more 
particularly to the glucose regulated protein 78 (grp78) stress-responsive 
promoter and its use in gene therapy and the prodn . of transgenic animals. 
Thus, a retroviral vector contg, a herpes simplex virus thymidine kinase 
gene controlled by -the rat GRP78 promoter was prepd. In B/C10ME cells 
(mouse mammary adenocarcinoma cells) contg. this vector, expression of the 
thymidine kinase gene was induced by glucose deprivation. The recombinant 
B/C10ME cells were injected into mice. After tumors had developed, 
ganciclovir was admininistered . Tumor regression was obsd. in these mice, 
unlike those injected with unaltered B/C10ME cells. 
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AB The mandibular processes are specified as at least two independent 

functional regions: two large lateral regions where morphogenesis is 
dependent on fibroblast growth factor £FGF)-8 signaling, and a small 
medial region where morphogenesis is independent of FGF-8 signaling. To 
gain insight into signaling pathways that may be involved in morphogenesis 
of the medial region, we have examined the roles of pathways regulated by 
FGFs and bone morphogenetic proteins (BMPs) in morphogenesis of the medial 
and lateral regions of the developing chick mandible. Our results show 
that, unlike in the lateral region, the proliferation and growth of the 
mesenchyme in the medial region is dependent on signals derived from the 
overlying epithelium. We also show that medial and lateral mandibular 
mesenchyme respond differently to exogenous FGFs and BMPs. FGF-2 and FGF-4 
can mimic many of the effects of mandibular epithelium from the medial 
region, including supporting the expression of Msx genes, outgrowth of the 
mandibular processes and elongation of Meckel's cartilage. On the other 
hand, laterally placed FGF beads did not induce ectopic expression of Msx 
genes and did not affect the growth of the mandibular processes. These 
functional studies, together with our tissue distribution studies, suggest 
that FGF-mediated signaling (other than FGF-8), through interactions with 
FGF receptor-2 and downstream target genes 

including Msx genes, is part of the signaling pathway that mediates the 
growth-promoting interactions in the medial region of the developing 
mandible. Our observations also suggest that BMPs play multiple stage- and 
region-specific roles in mandibular morphogenesis. In this study, we show 
that exogenous BMP-7 applied to the lateral region at early stages of 
development (stage 20) caused apoptosis, ectopic ■ expression of Msx genes, 
and inhibited outgrowth of the mandibular processes and the formation of 
Meckel's cartilage. Our additional experiments suggest that the 
differences between the effects of BMP-7 on lateral mandibular mesenchyme 
at stage 20 and previously reported results at stage 23 (Wang et al., 
[1999] Dev. Dyn . 216:320-335) are related to differences in stages of 
differentiation in that BMP-7 promotes apoptosis in undifferentiated 
lateral mandibular mesenchyme, whereas it promotes chondrogenesis at later 
stages of development. We also showed that, unlike mandibular epithelium 
and medially placed FGF beads, medially placed BMP-7 did not support 
outgrowth of the isolated mesenchyme and at stage 20 induced the formation 
of a duplicated rod of cartilage extending from the body of Meckel's 
cartilage. These observations suggest that BMPs do not play essential 
roles in growth-promoting interactions in the medial region of the 
developing mandible. However, BMP-mediated signaling is a part of the 
signaling pathways regulating chondrogenesis of the mandibular mesenchyme. 
Copyright 2002 Wiley-Liss, Inc. 
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AB The formation of cartilage elements in the developing vertebrate limb, 

where they serve as primordia for the appendicular skeleton, is preceded 
by the appearance of discrete cellular condensations. Control of the size 
and spacing of these condensations is a key aspect of skeletal pattern 
formation. Limb bud cell cultures grown in the absence of ectoderm formed 
continuous sheet-like masses of cartilage. With the inclusion of ectoderm, 
these cultures produced one or more cartilage nodules surrounded by zones 
of noncartilaginous mesenchyme. Ectodermal fibroblast growth factors (FGF2 
and FGF8), but not a mesodermal FGF ( FGF7 ) , substituted for ectoderm in 
inhibiting chondrogenic gene expression, with some combinations of the two 
ectodermal factors leading to well-spaced cartilage nodules of relatively 
uniform size. Treatment' of cultures with SU5402, an inhibitor FGF receptor 
tyrosine kinase activity, rendered FGFs ineffective in inducing 
perinodular inhibition. Inhibition of production of FGF 
receptor 2 (FGFR2) by transfection of wing and leg cell 
cultures with antisense oligodeoxynucleotides blocked appearance 
of ectoderm- or FGF-induced zones of perinodular inhibition of 
chondrogenesis and, when introduced into the limb buds of developing 
embryos, led to shorter, thicker, and fused cartilage elements. Because 
FGFR2 is expressed mainly at sites of precartilage condensation during 
limb development in vivo and in vitro, these results suggest that 
activation of FGFR2 by FGFs during development elicits a lateral inhibitor 
of chondrogenesis that limits the expansion of developing skeletal 
elements . 
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The formation of cartilage elements in the developing vertebrate limb, 
where they serve as primordia for the appendicular skeleton, is preceded 
by the appearance of discrete cellular condensations. Control of the size 
and spacing of these condensations is a key aspect of skeletal pattern 
formation. Limb bud cell cultures grown in the absence of ectoderm formed 
continuous sheet-like masses of cartilage. With the inclusion of 
ectoderm, these cultures produced one or more cartilage nodules surrounded 
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by zones of noncartilaginous mesenchyme. Ectodermal fibroblast growth 
factors (FGF2 and FGF8), but not a mesodermal FGF { FGF7 ) , substituted for 
ectoderm in inhibiting chondrogenic gene expression, with some 
combinations of the two ectodermal factors leading to well-spaced 
cartilage nodules of relatively uniform size. Treatment of cultures with 
SU5402, an inhibitor FGF receptor tyrosine kinase activity, rendered FGFs 
ineffective in inducing perinodular inhibition. Inhibition of prodn. of 
FGF receptor 2 (FGFR2) by transfection of wing 
and leg cell cultures with antisense oligodeoxynucleot ides 
blocked appearance of ectoderm- or FGF-induced zones of perinodular 
inhibition of chondrogenesis and, when introduced into the limb buds of 
developing embryos, led to shorter, thicker, and fused cartilage elements. 
Because FGFR2 is expressed mainly at sites of precartilage condensation 
during limb development in vivo and in vitro, these results suggest that 
activation of FGFR2 by FGFs during development elicits a lateral inhibitor 
of chondrogenesis that limits the expansion of developing skeletal 
elements . 
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LANGUAGE: ^f actors ( FGFs ) are members of a family of some 30 

secreted proteins important in the regulation of cellular proliferation, 
migration! differentiation and survival. Here we report the identification 
of a novel modulator of FGF signal transduction, sef, isolated from a 
zebrafish embryo library through an in situ hybridization screen. The sef 
qene encodes a transmembrane protein, and belongs to the synexpression 
group that includes some of the fgf genes. Sef expression is positively 
regulated by FGF, and ectopic expression of sef in zebrafish or Xenopus 
laevis embryos specifically inhibits FGF signalling. In , ntprart - s 
co-immunoprecipitation assays, the intracellular domain of Sef interacts 
with FGF receptors. FGFR1 and FGFR2 . Injection of 
antisense sef morpholino oligos mimicked the phenotypes observed 
by ectopic fgf8 expression, suggesting that Sef is required to limit FGF 
signalling during development. 
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AB Experimental evidence is rapidly emerging tha ^ th % co ^ 1 ^ g m ^ n ^^^^ s a 
regulatory signals with the induction of negative feedback modulators is a 
mechanism of fine regulation in development. Studies m ? r <f °P^%?"* e 
chick have shown that members of the SPROUTY family are inducible negative 
regulators of growth factors that act through tyrosine kinase rece Ptors. 
We and others have shown that Fibroblast Growth Factor 10 (FGF10) is a key 
positive regulator of lung branching morphogenesis. Herein, we provide 
direct evidence that mSprouty2 is dynamically expressed in the Peripheral 
endoderm in embryonic lung and is downregulated in the clefts between new 
branches at E12.5. We found that mSprouty2 was expressed in a domain 
restricted in time and space, adjacent to that of FgflO in the Peripheral 
mesenchyme. By E14.5, FgflO expression was restricted to a narrow domain 
of mesenchyme along the extreme edges of the individual lung lobes 
whereas mSprouty2 was most highly expressed in the subjacent epithelial 
terminal buds. FGF10 beads upregulated the expression of mSprouty2 in 
adjacent epithelium in embryonic lung explant culture. Lung cultures 
treated with exogenous FGF10 showed greater branching and higher levels of 
mS P ry2 mRNA. Conversely, FgflO antisense oligonucleotides . . m( . 
reduced branching and decreased mS P ry2 mRNA levels. However, treatment 



with exogenous FGF10 or antisense FgflO did not change Shh and 
FgfR2 mRNA levels in the lungs. We investigated Sprouty2 function 
during lung development by two different but complementary approaches. The 
targeted overexpression of mSprouty2 in the peripheral lung epithelium in 
vivo, using the Surfactant Protein C promoter, resulted in a low level of 
branching, lung lobe edges abnormal in appearance and the inhibition of 
epithelial proliferation. Transient high-level overexpression of mSpry2 
throughout the pulmonary epithelium by intra-tracheal adenovirus 
microinjection also resulted in a low level of branching. These results 
indicate for the first time that mSPR0UTY2 functions as a negative 
regulator of embryonic lung morphogenesis and growth. 
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AB Lung branching morphogenesis depends on mesenchymal epithelial tissue 

interactions. Keratinocyte growth factor (KGF) has been implicated to be a 
regulator of these tissue interactions. In the present study, we 
investigated the role of KGF in early rat lung organogenesis. Reverse 
transcriptase-polymerase chain reaction analysis revealed KGF mRNA 
expression in the mesenchymal component of the 13-day embryonic lung, 
while message for KGF receptor (KGFR) was expressed in the epithelium, 
confirming the paracrine nature of KGF/KGFR axis. Antisense KGF 
oligonucleotides inhibited DNA synthesis of embryonic lung explants. This 
inhibitory effect of antisense KGF was partially reversed by the 
addition of exogenous KGF. Recombinant KGF was mitogenic for 13-day 
isolated embryonic lung epithelial cells. Medium conditioned by 13-day 
lung mesenchymal cells also stimulated DNA synthesis of 13-day embryonic 
lung epithelial cells. This stimulatory effect was partially abrogated by 
a neutralizing KGF antibody. The number of terminal buds of lung explants 
cultured in the presence of antisense KGF oligonucleotides was 
significantly reduced compared to control explants. Exogenous KGF 
partially abrogated the inhibitory effect of antisense KGF on 
early lung branching. Sense or scrambled KGF oligonucleotides had no 
inhibitory effect on lung growth and branching. Addition of neutralizing 
KGF antibodies to the explants also reduced the degree of branching, while 
non-immune IgG and neutralizing acidic FGF antibodies had no effect. 
Explants incubated with antisense oligonucleotides targeted to 
the initiation site of translation of both the splice variants of the 
fibroblast growth factor receptor-2 (FGFR2) gene, KGFR and bek, 
exhibited a similar reduction in lung branching as observed with 
antisense KGF oligonucleotides. Antisense KGFR-specif ic 

oligonucleotides dramatically inhibited lung branching, while exposure of 
explants to antisense bek-specific oligonucleotides resulted in 
reduced branching albeit to a lesser degree than that observed with 
antisense KGFR-specif ic oligonucleotides. Neither sense nor 
scrambled KGFR-specif ic oligonucleotides had any effect on early lung 
branching. These results suggest that the KGF/KGFR system has a critical 
role in early lung organogenesis. 
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Basic fibroblast growth factor and fibroblast growth factor 
receptor I are implicated in the growth of human 
astrocytomas. 

Morrison R S; Yamaguchi F; Saya H; Bruner J M; Yahanda A M; 
Donehower L A; Berger M 
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Anderson Cancer Center, Houston 77030. 
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Malignant astrocytomas are highly invasive, vascular neoplasms that 
comprise the majority of nervous system tumors in humans. A strong 
association has previously been made between malignancy in human 
astrocytic tumors and increased expression of certain fibroblast growth 
factor (FGF) family members, including basic and acidic FGF. The influence 
of endogenous basic FGF on glioblastoma cell growth in vitro was evaluated 
using basic FGF-specific antisense oligonucleotides. These 
studies indicated that human glioblastoma cell growth in vitro, can be 
inhibited by suppressing basic FGF expression. Human astrocytomas also 
exhibited changes in FGF receptor (FGFR) expression during the course of 
their progression from a benign to a malignant phenotype. FGFR2 
(bek) expression was abundant in normal white matter and in all low grade 
astrocytomas, but was not observed in glioblastomas. Conversely, FGFR1 
(fig) expression was absent or barely detectable in normal white matter, 
but was significantly elevated in glioblastomas. Glioblastomas also 
expressed an alternatively spliced form of FGFR1 containing two 
immunoglobulin-like disulfide loops (FGFR1 beta), whereas normal human 
adult and fetal brain expressed a form of the receptor containing three 
immunoglobulin-like disulfide loops (FGFR1 alpha). Intermediate grades of 
astrocytic tumors exhibited a gradual loss of FGFR2 and a shift 
in expression from FGFR1 alpha to FGFR1 beta as they progressed from a 
benign to a malignant phenotype. The underlying cytogenetic changes that 
contribute to these alterations are not entirely understood, but 
abnormalities in the p53 tumor suppressor gene may influence expression of 
bFGF as well as the FGFR. These results suggest that alterations in FGFR 
signal transduction pathways may play a critical role in the malignant 
progression of astrocytic tumors. 
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Ectodermal FGFs Induce Perinodular Inhibition of Limb 
Chondrogenesis in Vitro and in Vivo via FGF Receptor 2. 
Moftah Marie; Downie Sherry; Bronstein Natalie; Mezentseva 
Nadezhda; Pu Jiayu; Maher Pamela; Newman Stuart 
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of cartilage elements in the developing vertebrate limb, 



where they serve as primordia for the appendicular skeleton, is preceded 
by the appearance of discrete cellular condensations. Control of the size 
and spacing of these condensations is a key aspect of skeletal pattern 
formation. Limb bud cell cultures grown in the absence of ectoderm formed 
continuous sheet-like masses of cartilage. With the inclusion of ectoderm, 
these cultures produced one or more cartilage nodules surrounded by zones 
of noncartilaginous mesenchyme. Ectodermal fibroblast growth factors ( FGFz 
and FGF8), but not a mesodermal FGF ( FGF7 ) , substituted for ectoderm in 
inhibiting chondrogenic gene expression, with some combinations of the two 
ectodermal factors leading to well-spaced cartilage nodules of relatively 
uniform size. Treatment of cultures with SU5402, an inhibitor FGF receptor 
tyrosine kinase activity, rendered FGFs ineffective in inducing 
perinodular inhibition. Inhibition of production of FGF receptor 2 ( 
FGFR2) by transfection of wing and leg cell cultures with 
antisense oligodeoxynucleotides blocked appearance of ectoderm- or 
FGF-induced zones of perinodular inhibition of chondrogenesis and, when 
introduced into the' limb buds of developing embryos, led to shorter, 
thicker, and fused cartilage elements. Because FGFR2 is 
expressed mainly at sites of precartilage condensation during limb 
development in vivo and in vitro, these results suggest that activation of 
FGFR2 by FGFs during development elicits a lateral inhibitor of 
chondrogenesis that limits the expansion of developing skeletal elements. 
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AB Astrocytes exhibit significant changes in fibroblast growth factor . 
receptor (FGFR) gene expression during malignant progression. These 
changes include induction of FGFR1 and concomitant loss of FGFR2 
expression. The induction of FGFR1 is believed to endow malignant 
astrocytes with a selective growth advantage. Glioblastoma (the most 
malignant form of astrocytoma) cell lines, which exhibit the same pattern 
of FGFR gene expression as glioblastoma biopsies, were used to evaluate 
the contribution of FGFR1 expression to glioblastoma cell growth. Addition 
of phosphorothioate-modified antisense oligonucleotides 

complementary to the initiation site or the alpha exon of the FGFR1 gene 
suppressed growth of human glioblastoma-derived cell lines. Reverse 
antisense controls or antisense oligonucleotide 
complementary to FGFR2 had no effect on proliferation. 
Consistent with its growth-suppressive effect, FGFR1 antisense 
oligonucleotides markedly reduced expression of both FGFR1 mRNA and 
high-affinity bFGF binding sites, whereas FGFR1 reverse antisense 
control oligonucleotide had no effect. Antisense oligonucleotide 
targeted to the alpha exon of the FGFRl gene suppressed alpha and beta 
alternatively spliced FGFRl mRNA isoforms but did not alter the expression 
of related FGFR family members. Fluorescein-labeled antisense 
and reverse control oligonucleotides demonstrated cellular uptake and 



nuclear accumulation. These results indicate that alterations in FGFR 
expression may contribute to malignant proliferation in human 
astrocytomas. These findings also illustrate the high degree of 
selectivity that can be obtained with antisense 

oligonucleotides, a property that is essential for employing these 
reagents therapeutically. 
Copyright 1999 Wiley-Liss, Inc. 
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AB The 'formation of cartilage elements in the developing vertebrate limb 

where they serve as primordia for the appendicular skeleton, is preceded 
by the appearance of discrete cellular condensations. Control of the size 
and spacing of these condensations is a key aspect of skeletal pattern 
formation. Limb bud cell cultures grown in the absence of ectoderm formed 
continuous sheet-like masses of cartilage. With the inclusion of 
ectoderm, these cultures produced one or more cartilage nodules surrounded 
by zones of noncartilaginous mesenchyme. Ectodermal fibroblast _ growth 
factors (FGF2 and FGFS), but not a mesodermal FGF (FGF7), substituted for 
ectoderm in inhibiting chondrogenic gene expression, with some 
combinations of the two ectodermal factors leading to well-spaced 
cartilage nodules of relatively uniform size. Treatment of cultures with 
SU5402, an inhibitor FGF receptor tyrosine kinase activity, rendered FGFs 
ineffective in inducing perinodular inhibition. Inhibition of prodn . of 
FGF receptor 2 { FGFR2 ) by transfection of wing and leg cell 
cultures with antisense oligodeoxynucleot ides blocked appearance 
of ectoderm- or FGF-induced zones of perinodular inhibition of 
chondrogenesis and, when introduced into the limb buds of developing 
embryos, led to shorter, thicker, and fused cartilage elements. Because 
FGFR2 is expressed mainly at sites of precartilage condensation 
during limb development in vivo and in vitro, these results suggest that 
activation of FGFR2 by FGFs during development elicits a lateral 
inhibitor of chondrogenesis that limits the expansion of developing 
skeletal elements. 
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AB A method is disclosed for rapid mol . profiling of tissue or other cellular 
specimens by placing a donor specimen in an assigned location ma 
recipient array, providing copies of the array, and performing a different 
biol. anal, of each copy. In one embodiment, the copies of the array are 
formed by placing elongated specimens in a three dimensional matrix, and 
cutting sections from the matrix to form multiple copies of a two 
dimensional array that can then be subjected to the different biol. 
analyses. Alternatively, the array can be formed from cell suspensions 
such that identical multiple copies of an array are formed, in which 
corresponding positions in the copies of the array have samples from the 
same or similar specimen. The results of the different biol. analyses are 
compared to det. if there are correlations between the results of the 
different biol. analyses at each assigned location. In some embodiments, 
the specimens may be tissue specimens from different tumors, which are 
subjected to multiple parallel mol. (including genetic and Immunol.) 
analyses. The results of the parallel analyses are then used to detect 
common mol. characteristics of the tumor type, which can subsequently be 
used in the diagnosis or treatment of the disease. The biol. 
characteristics of the tissue can be correlated with elm. or other 
information, to detect characteristics assocd. with the tissue, such as 
susceptibility or resistance to particular types of drug treatment Other 
examples of suitable tissues which can be placed in the matrix include 
tissue from transgenic or model organisms, or cellular suspensions (such 
as cvtol. prepns. or specimens of liq. malignancies or cell lines). 
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Antisense oligonucleotides which bind to pre-mRNA expressed by 
human FGF receptor gene 1 (FGFR1) are incorporated into vectors to 
suppress the growth of human glioma and glioblastoma cells. Preferred 
oligonucleotides include phosphorothioate analogs and bind to the 
alpha. -exon pre-mRNA. Thus, the phosphorothioate analog of the 
. alpha. -exon-specific oligonucleotide CTGCACATCGTCCCGCAGCC inhibited the 
growth of human glioblastoma cells in vitro by 70-80% at 30 .mu.M and 
reduced the expression of FGFRl mRNA without affecting the expression of 
FGFR2 mRNA. 



